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1. Introduction 
The simplest and most commonly accepted ribo- 
some model postulates the presence of only two dis- 
tinct sites for tRNA binding, one donor (D) and one 
acceptor (A) site [1]. During chain elongation the 
new aminoacyl-tRNA enters the A-site near the D-site 
already carrying the growing peptide chain bonded to 
another tRNA molecule (peptidyl-tRNA). The grow- 
ing peptide chain is then transferred to the entering 
aminoacyl-tRNA by the action of peptidyl-transferase, 
with the formation of a new peptide bond. By an 
energy-requiring enzymatic process, the new peptidyl- 
tRNA is translocated from the A-site to the D-site, 
and a new cycle starts again. 
Experimental data supporting this model for E. coli 
ribosomes have been provided by Igarashi and Kaji [2], 
and by Roufa et ai. [3]. 
Other authors, however, have obtained evidence 
indicating the presence of more than two aminoacyl- 
tRNA binding sites [4]. They observed that saturation 
curves of phenylalanyl-tRNA binding to E. coli ribo- 
somes display three consecutive slopes of decreasing 
steepness. These and similar results led the authors to 
postulate the presence, beside the donor site, of three 
decoding sites, one of which functions as the acceptor 
site. 
In the rabbit reticulocyte system data have been 
presented in favor both of the two-site model [5, 6], 
and of the three-site model [7]. The latter follows es- 
sentially the same chain elongation mechanism, but in 
addition to the D and A sites it postulates a third site 
E. This site would be the first that the new aminoacyl- 
tRNA enters before being enzymatically activated and 
then translocated to the A-site, as soon as the A-site 
has been freed from the previous aminoacyl-tRNA. 
We tested the two alternative models by an experi- 
ment which takes advantage of sparsomycin's mecha- 
nism of action [8]. The results upport he two-site 
model for both E. coli and rabbit reticulocyte ribo- 
somes. 
2. Materials and methods 
2.1. Materials 
[14 C]Phenylalanine was purchased from Schwarz 
Bioresearch. E coli stripped tRNA (General Biochem- 
icals) was charged with [14C]phenylalanine as described 
by Conway [9]. GTP was obtained from Pabst, Sparso- 
mycin from Upjohn, dithiothreitol (DTT) from Cal- 
biochemicals, calcium phosphate gel from Sigma, 
DEAE-cellulose from Whatman and DEAE-Sephadex 
and Sephadex G-200 from Pharmacia. 
2. 2. Methods 
2.2.1. Preparation of ribosomes from rabbit reticulo- 
cytes and from 17. coli 
Rabbit reticulocyte ribosomes were isolated and 
purified according to the procedure described else- 
where [10]. E. coli ribosomes were isolated from 
E. coli MRE 600 as described by Nishizuka and Lip- 
mann [ 11 ]. 
2.2.2. Preparation of elongation factors from rat liver 
The elongation factors TI and T 2 were purified 
from post-microsomal supematant ofmale Wistar rat 
livers according to the procedure previously described 
[10]. 
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2.2.3. Preparation of elongation factors from E. coli 
The elongation factors were isolated from E. coli 
(MRE 600 strain) post-ribosomal supernatant. The 
fraction of a S 150 preparation precipitating between 
40 and 70% saturation with ammonium sulphate, 
after dialysis, was fractionated on DEAE-Sephadex 
column as described by Felicetti et al. [ 12]. 
2.2.4. Analysis of ribosome-bound phenylalanine 
polymerization products 
The polymerization mixture, with bacterial ribo- 
somes, was the following: 1.0 A26o units/ml ofE. coli 
ribosomes, 50/ag/ml of T factor, 12 gg/ml of G factor, 
200/ag/ml of poly-U, 0.4 mg/ml of [14 C]phenylalanyl- 
tRNA (420 counts/min/pmol), 0.25 mM sparsomycin, 
50 mM Tris-HC1 pH 7.5,160 mM NH4CI, 10 mM Mg 
acetate, 4 mM dithiothreitol, 1mM GTP. 
The mixture, with reticulocyte ribosomes, contain- 
ed: 0.8 A26o units/ml of reticulocyte ribosomes, 100 
#g/ml of poly-U, 12 #g/ml ofT1 factor, 10/~g/ml of 
T2 factor, 0.4 mg/ml of [~4C]phenylalanyl-tRNA 
(330 counts/min/pmol), 100/Jg/ml of sparsomycin 
50 mM Tris-HC1 pH 7.5, 80 mM KC1, 10 mM MgC12, 
2 mM DTT, 0.05 mM GTP. 
The mixture was incubated at 37°C for 10 rain and 
then 2-ml samples were layered onto 3 ml of a solution 
containing 10% sucrose dissolved either in 50 mM 
Tris-HC1 pH 7.5, 80 mM KC1, 10 mM Mg acetate for 
the reticulocyte system or in 50 mM Tris-HC1 pH 7.5, 
10 mM Mg acetate, 160 mM NH4C1 for theE. coli sys- 
tem and centrifuged in a Spinco SW39 rotor at 38 000 
rpm for 16 hr. The ribosomal pellets were hydrolyzed 
with 0.3 M KOH for 16 hr at 37°C and aliquots of the 
hydrolysate were analysed by descending chromatog- 
raphy in n-butanol NH4OH as described by Felicetti 
and Lipmann [13]. At the end of the run, chromato- 
grams were dried, cut into 1 cm sections and counted 
in a PPO-toluene scintillating system. Recovery of 
radioactivity in the paper sections was always above 
9O%. 
3. Results and discussion 
Sparsomycin s an inhibitor of protein synthesis in 
both the 80 S and 70 S ribosome systems [14, 15]. It 
acts by blocking peptide-bond formation [16-20]. 
However, if the aminoacyl-tRNA in the donor site con- 
tains a free a-amino group, the inhibition cannot occur 
[8]. Accordingly, sparsomycin does not inhibit peptide 
bond formation between two aminoacyl-tRNA's, both 
carrying free a-amino groups; in a proper system of 
purified ribosomes, the first peptide bond between 
two aminoacyl-tRNA's can be formed, whereas the 
formation of the second and successive peptide bonds 
is inhibited. 
Such a property of sparsomycin has been exploited 
in measuring the number of aminoacyl-tRNA's bound 
to each ribosome. Poly-U programmed ribosomes in 
the presence of phenylalanyl-tRNA and sparsomycin 
produce diphenylalanyl-tRNA molecules which oc- 
cupy the D-site and leave any preceding site available 
to phenylalanyl-tRNA molecules. The molar ratio be- 
tween ribosome-bound phenylalanyl-tRNA and di- 
phenylalanyl-tRNA can then be easily determined. 
A one-to-one ratio is expected if only another site 
per ribosome is able to bind aminoacyl-tRNA besides 
the donor site. A molar ratio of two- (or more to-one 
is expected if more than one of such sites is present. 
Fig. 1 shows the results of an experiment of this 
type in which E. coli ribosomes were incubated with 
labeled phenylalanyl-tRNA in the presence of sparso- 
mycin. At the end of the incubation, the ribosome- 
bound radioactivity was analyzed by paper chroma- 
tography following alkaline hydrolysis. The phenyl- 
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Fig. 1. Chromatography of ribosome-bound polymerization 
products obtained with E. coli ribosomes in the presence of 
sparsomycin. The technical details are described under 
Methods. The abscissa indicates the distance from the origin; 
the f'trst peak co-migrated with phenylalanine and the second 
with diphenylalanine standards. 
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Fig. 2. Analysis of ribosome-bound polymerization products 
with reticulocyte ribosomes in the presence of sparsomycin. 
For details eeMethods and the legend to fig. 1. 
alanyl peak (first from the left) contains 3900 cpm 
while the other peak, diphenylalanine, contains 7100 
cpm. The molar ratio monophenylalanine: diphenyl- 
alanine is thus 1, 1. 
The results of a similar experiment carried out with 
rabbit reticulocyte ribosomes are illustrated in fig. 2. 
At the end of the single polymerization step allowed 
by sparsomycin, the chromatogram of ribosome-bound 
radioactivity showed 5800 cpm in the phenylalanine 
peak and 10 360 cpm in the diphenylalanine p ak. 
The molar ratio between the two compounds was 1, 12. 
These data indicate that only one molecule of 
phenylalanyl-tRNA could bind to each diphenylalanyl- 
tRNA carrying ribosome. Hence they support, for both 
ribosomal systems, the model that envisions the ribo- 
some as having only two distinct sites for tRNA bind- 
ing, one peptidyl and one aminoacyl site. Fairly strong 
evidence in favor of this notion had already been ob- 
tained by different approaches, with bacterial ribo- 
somes [3], whereas, with 80 S ribosomes, the evidence 
supporting either one model was still somewhat incon- 
clusive. 
Since it has been shown that 80 S ribosomal hybrids 
(containing ribosomal subunits of different origin) can 
translate poly-U with the same efficiency as normal 
reticulocyte ribosomes [21,22], the conclusion of  the 
present experiment can be extended to 80 S ribosomes 
in general. Our data do not exclude, however, the pos- 
sible existence of an exit site [23], accepting a dis- 
charged tRNA after the peptide transfer. 
References 
[1] Watson, J.D. (1965) Molecular Biology of the Gene, 
p. 336, W.A. Benjamin, Inc., New York. 
[2] Igarashi, K. and Kaji, A. (1967) Proc. Natl. Acad. Sci. 
U.S. 58, 1971. 
[3] Roufa, D.J., Skogerson, L.E. and Leder, P. (1970) 
Nature 227,567. 
[4] Swan, D., Sander, G., Bermek, E., Kr~imer, W., Kreuzer, 
T., Arglebe, C., Z~llner, R., Eckert, K. and Matthaei, H. 
(1969) Cold Spring Harb. Symp. Quant. BioL 34, 179. 
[51 Warner, J.R. and Rich, A. (1964) Proc. Natl. Acad. Sci. 
U.S. 51, 1134. 
[6] Arlinghaus, R., Schaeffer, J. and Schweet, R. (1964) 
Proc. Natl. Acad. Sci. U.S. 51, 1291. 
[7] Hardesty, B., Culp, W. and McKeehan, W. (1969) Cold 
Spring Harb. Symp. Quant. Biol. 34,331. 
[8] Busiello, E. and Di Girolamo, M. Biochim. Biophys. 
Acta, in press. 
191 Conway, T.W. (1964) Proc. Natl. Acad. Sci. U.S. 
51, 1216. 
[10] Busiello, E., Di Girolamo, M. and Felicetti, L. (1971) 
Biochim. Biophys. Acta 228,289. 
[11] Nishizuka, Y. and Lipmann, F. (1968) Arch. Biochem. 
Sci. U.S. 55,212. 
[12] Felicetti, L., Tocchini-Valentini, G.P. and Di Matteo, 
G.F. (1969) Biochemistry 8,3428. 
[13] Felicetti, L. and Lipman, F. (1968) Arch. Biochem. 
Biophys. 125,548. 
[14] Colombo, B., Felicetti, L. and Baglioni, C. (1966) 
Biochim. Biophys. Acta 119, 109. 
[15] Slecta, L. (1967) in: Antibiotics (Gottlieb, D. and Shaw, 
P.D., eds), Vol. 1, p. 410, Springer Verlag New York, 
Inc., New York. 
[16] Goldberg, I.H. and Mitsugi, K. (1967) Biochemistry 
6,383. 
[17] Jayaraman, J. Goldberg, I.H. (1968) Biochemistry 
7,418. 
[ 18] Monro, R.E. and Vazquez, D. (1967) J. Mol. Biol. 
28, 161. 
[19] Baglioni, C. (1966) Biochim. Biophys. Acta 129, 642. 
[20] Vazquez, D., Battaner, E., Neth, R., Heller, G. and Monro, 
R.E. (1969) Cold Spring Harb. Syrup. Quant. Biol. 
34, 369. 
[ 21 ] Mar tin, T.E. and Wool, I.G. (1969) J. Mol. Biol. 43, 151. 
[221 Cammarano, P., Felsani, A., Gentile, M., Gualerzi, C., 
Romeo, A. and Wolf, G. (1972) Biochim. Biophys. 
Acta 281,625. 
[23] Wettstein, F.O. and Noll, H. (1965) J. Mol. Biol. 
11,35. 
343 
